Supplemental Information SI Materials and Methods
Participants. Informed parental consents were obtained from the subject's parent. All recruited infants were not clinically indicated. They were recruited completely for research purpose which was studying normal prenatal and perinatal brain development. All infants were selected after rigorous screening procedures conducted by an experienced neonatologist (LC) and an experienced pediatric radiologist (NR), based on subjects' ultrasound, clinical MRI and subjects' and mothers' medical record. The exclusion criteria included evidence of bleeding or intracranial abnormality by serial sonography; the mother's excessive drug or alcohol abuse during pregnancy; periventricular leukomalacia; hypoxic-ischemic encephalopathy; Grade III-IV intraventricular hemorrhage; body or heart malformations; chromosomal abnormalities, lung disease or bronchopulmonary dysplasia; necrotizing enterocolitis requiring intestinal resection or complex feeding/nutritional disorders; defects or anomalies of the brain; brain tissue dysplasia or hypoplasia; abnormal meninges; alterations in the pial or ventricular surface; or white matter (WM) lesions. Out of 107 neonates who were consented, diffusion MRI (dMRI) was acquired from 89 neonates. Table S1 lists demographics of the 76 normal neonates (47 M/ 29 F; post-menstrual ages: 31.5 to 41.7 postmenstrual weeks (PMW)) whose dMRI scans were included in this study. DMRI datasets of 13 subjects were not included in the study due to significant motion artifacts.
MRI data acquisition. A single-shot echo-planar imaging (EPI) sequence with Sensitivity
Encoding parallel imaging (SENSE factor = 2.5) was used for dMRI. The multi-shell dMRI parameters were: echo time (TE) = 78ms, repetition time (TR) = 6850ms, field of view = 168/168/96mm, imaging matrix = 112x112mm, axial slice thickness = 1.6mm without gap, 30 gradient directions, b values = 0, 1000, and 1600 sec/mm 2 . To increase signal to noise ratio (SNR), two repetitions were performed for both b = 1000 sec/mm 2 and b = 1600 sec/mm 2 , resulting in a total scan time of 18 minutes for dMRI acquisition with both b=1000 and 1600 sec/mm 2 and a total scan time of 9 minutes for dMRI acquisition with b=1000 sec/mm 2 only. Of the 76 subjects whose dMRI are included in this study, 26 (19 M/ 7 F; 33.4 to 40.7PMW) were scanned with two b-values (Table S1 ).
Measurement of DKI and DTI metrics on the parcellated cortical skeleton.
The cortical skeleton was created from averaged fractional anisotropy (FA) maps or cortical segmentation maps in three age-specific templates at 33, 36 and 39PMW due to dramatic anatomical changes of the neonate brain from 31 to 42PMW (1). Each subject brain was categorized into 3 age groups at 33, 36 and 39PMW based on the age and registered to the corresponding template at 33, 36 or 39PMW using the registration protocol (2) . After resampled to isotropic resolution, diffusion weighted images (DWIs) of all subjects were first linearly registered to a single subject template at 33, 36 or 39 PMW using rigid and affine transformation in Diffeomap (http://www.mristudio.org) with the contrasts of skull-stripped b0 driving the registration. The DWIs of all subjects were then nonlinearly registered to the single subject template at 33, 36 or 39PMW using LDDMM (Large Deformation Diffeomorphic Metric Mapping) in Diffeomap with the dual-contrasts of FA and b0 images driving the registration. Cortical skeleton of the 33PMW or 36PMW brain was extracted from the averaged cortical FA map with skeletonization function in TBSS of FSL (http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/TBSS). Due to low cortical FA in the 39PMW brains, cortical skeleton of the 39PMW brain was obtained with averaged cortical segmentation map at 39PMW using the method in the literature (3) . Specifically, cortical segmentation of each 39PMW brain was obtained by applying FAST (FMRIB's Automated Segmentation Tool) to the MD map. The segmented cortical plate was transformed to the template space of the 39PMW brain using the transformation described in SI Materials and Methods. Skeletonization function was applied to the averaged cortical segmentation map to obtain the cortical skeleton at 39PMW. Based on the age of the subject, the cortical skeleton in the 33, 36 or 39PMW template space was then inversely transferred to each subject's native space ( Fig. S1A ), to which the cortical gyral labels of the JHU neonate atlas (2) were also mapped to parcellate the cortex (Fig. S1B ). The parcellated cortical skeleton was obtained ( Fig. S1C ) by directly overlapping the cortical skeleton in Fig. S1A with the JHU neonate atlas labels in Fig. S1B . Fig. S1D shows the cortical tissue segmentation based on MD map in the native space. Irregularly small yet significant offsets between the cortical skeleton and subject's cerebral cortex were widespread, due to imperfect inter-subject registration from transforming cortical skeletons to individual brains. At a given cortical skeleton voxel, the offset between the cortical skeleton and core of the cerebral cortex was corrected by projecting the DTI and DKI measurements from surrounding voxels with the highest gray matter tissue probability (yellow in Fig. S1E ) to the corresponding cortical skeleton voxels (cyan line in Fig. S1E ). In this way, the cortical DKI-and DTI-derived parameters were measured at the core cortical regions. DKI-or DTI-derived parameters at each cortical gyrus was obtained by averaging the measurements on the cortical skeleton voxels with the same cortical gyral label. All DKI-or DTIderived maps at an individual PMW were displayed on a partially inflated surface on a 35PMW brain. Before registration from the native space to the 35PMW brain template, DKI-or DTI-derived parameter measurements on the cortical skeleton voxels were assigned to all voxels in a dilated cortical ribbon in the native space using fast marching (4) . After registration, the cortical DKI-or DTI-derived measurements of the same PMW were then averaged in the 35PMW brain template. In this way, the errors of projecting the cortical skeleton measurements to the 35PMW brain surface due to imperfect inter-subject registration were minimized.
Clustering analyses. Non-negative Matrix Factorization (NMF) was used to approximate the data through a set of new variables that were combined according to the set of coefficients given by . The new variables, termed hereafter components, were constructed as a linear, nonnegative combination of the original variables. NMF aggregated variance in the components by positively weighting original variables (i.e., cortical microstructural measurements) that tend to covary (5) . Thus, NMF isolated patterns of regional co-variation of time courses of cortical mean kurtosis (MK) and FA at cortical skeleton voxels. The integrity of the i th cluster in the j th sample is summarized by the non-negative scalar value . The components can be represented as soft cluster assignment maps, where the distribution of the coefficient values of cortical MK or FA exhibiting similar statistical properties peaks for the same component. In this study, cluster number of 4 were selected for categorizing the time courses of both cortical MK and FA with following two reasons. First, coarse cluster model was used to delineate cortical microstructure pattern in preterm infants previously (3) . Second, the complementary properties of FA and MK may be better reflected with relatively coarse clusters rather than fine ones as the fine clusters based on brain gyral or sulcal geometry or functional specialization already exist.
White matter tractography using cortical clusters as the seed. Diffusion-tensor-imagingbased (DTI-based) tractography was used to trace the white matter (WM) fibers of the 26 subjects whose multi-shell diffusion MRI datasets were acquired. Tracing was initialized from the four largest cortical clusters obtained from the clustering analysis of cortical MK ( Figure 2B ). The largest cluster from each of four clustering results was extracted and then dilated by 2 mm using custom software in IDL (Interactive Data Language 8.2.3, http://www.exelisvis.com) to penetrate the gray-white matter mixed area and reach the deep WM to initiate fiber tracking (6) . Fiber tracing was conducted using DTI Studio (http://www.mristudio.org). The FA value of the WM tract traced from each of the four largest cortical clusters was calculated after applying a FA threshold of 0.15 to remove the non-WM (such as cerebrospinal fluid) voxels. 
